ABSTRACT By using polyethylene glycol 1540, BW5147 AKR T lymphoma cells were fused with splenocytes from A/J mice treated so as to induce suppressor T cells specific for azobenzenearsonate (ABA). Of 576 microwells originally seeded, 132 demonstrated growing cell clones, 4 of which produced an ABA-binding supernatant factor. When tested in vivo for suppression of delayed-type hypersensitivity to ABA, two of these cell lines, A4 and F12, were polypeptide (4-6), and tumor (7-9) models of murine immune response. One ofthe most extensively described pathways concerns the suppression of delayed-type hypersensitivity (DTH) to the hapten azobenzenearsonate (ABA) in A/J mice. This suppressor circuit relies on an idiotype-anti-idiotype system ofcellular interactions (2). The induction phase of this pathway involves the interaction of antigen with an antigen-binding idiotype-positive T suppressor cell (Ts,) and relies on an idiotype-anti-idiotype system of recognition. Although the participating T cell subsets and factors are well characterized (1, 2, 10, 11), their complexity has hindered attempts to analyze this suppressor circuit at a molecular level.
Regulation of immune responses involves a complex series of cell-cell interactions and extracellular signals that modulate the type and intensity of response. Several regulatory pathways have been defined in which a specific suppressor T cell or T cell factor inhibits antigen-specific immune cells, in hapten (1) (2) (3) , polypeptide (4) (5) (6) , and tumor (7-9) models of murine immune response. One ofthe most extensively described pathways concerns the suppression of delayed-type hypersensitivity (DTH) to the hapten azobenzenearsonate (ABA) in A/J mice. This suppressor circuit relies on an idiotype-anti-idiotype system ofcellular interactions (2) . The induction phase of this pathway involves the interaction of antigen with an antigen-binding idiotype-positive T suppressor cell (Ts,) and relies on an idiotype-anti-idiotype system of recognition. Although the participating T cell subsets and factors are well characterized (1, 2, 10, 11) , their complexity has hindered attempts to analyze this suppressor circuit at a molecular level.
Precise analysis of this important regulatory phenomenon requires the isolation of homogeneous suppressor cell populations and factors for detailed study. One approach has been to adapt the hybridoma fusion technique of Kohler and Milstein for use with T cells. Several such fusion products have been generated in various systems and have been reported to: (i) have suppressor activity when tested in vitro on antigen-specific responses (12) (13) (14) (15) (16) , (ii) bind antigen directly (17, 18) , or (iii) produce antigen-binding materials (19, 20) . This report details the production and characterization ofan ABA-specific, suppressor factor-producing, Ts,-like T cell hybrid line. The hybrid-derived monoclonal factor abrogates the DTH response of A/J mice to ABA and therefore provides a useful reagent for analysis of the molecular basis of suppressor cell function. x 107 normal A/J spleen cells were derivatized with the diazonium salt ofABA and injected intravenously into nonimmune A/J mice. Recipient mice were splenectomized 7 days later and a single-cell suspension was prepared from their spleens by teasing with forceps and allowing larger fragments to settle out. The splenic lymphocytes were washed twice in 50 ml of phosphate-buffered saline (PJNaCI) (pH 7.4) with centrifugation at 250 X g for 10 min at 4°C. This cell population was demonstrated to contain ABA-specific suppressor cells by its ability to prevent subsequent DTH response to ABA when transferred to normal A/J mice at the time of initial priming, as described (10 All cells were maintained at 370C in a humidified 10% CO2 atmosphere.
MATERIALS AND METHODS
Radioimmunoassay (RIA). Culture supernatants from T cell hybrids were assayed for ABA binding material by using a solidphase competition RIA adapted from Pacifico and Capra (20) . Bovine serum albumin ("albumin"; 400 mg) coupled to 100 mg of diazotized arsanilic acid (ABA-albumin) was prepared as described (10) . Twenty microliters of ABA-albumin at 200 ng/ml was incubated overnight at 40C in round-bottomed polyvinyl microtiter plates (Cooke, Dynatech, Cambridge, MA) and removed. After the remaining binding sites on the polyvinyl plates had been saturated by incubation with 1% albumin in PJ NaCl, supernatants from T cell hybrids were added and allowed to bind for 1 hr at room temperature. ABA groups not bound by supernatant material were then assayed by the addition of 10 ng of monoclonal anti-ABA antibody. The characteristics of this hybridoma protein, R16.7, which expresses the major crossreactive idiotype (CRI), have been described (24) .' After a further 1-hr incubation, wells were washed and "2I-labeled rabbit anti-mouse immunoglobulin was added for 1 hr to measure bound R16.7 antibody. The amount of ABA-albumin available as a substrate for binding and the amount of R16.7 monoclonal antibody used as a developing antisera were determined by titration to be limiting for ABA-binding sites. Thus if test supernatants contained materials recognizing ABA, they would decrease the amount of R16.7 antibody bound. Any ABA-binding immunoglobulin in the test supernatants registered as noncompeting material because the developing reagent, R16.7, was measured by using "2I-labeled rabbit anti-mouse immunoglobulin. Antisera and Immunoglobulins. Monoclonal antibodies were used for immunofluorescence analysis of hybrid cells. Antibodies 11.4.1 (anti-Kk) and HO 13.4 (anti-Thy 1.2) were prepared from culture supernatants of cells provided by the Salk Cell Distribution Center. Monoclonal anti-Lyt 1.2 and anti-Lyt 2.2 were the generous gift of F. W. Shen (Sloan-Kettering Memorial Hospital, NY). Preparation of fluorescein-conjugated rabbit anti-mouse immunoglobulin was previously described (25) . Affinity-purified rabbit anti-mouse immunoglobulin was radiolabeled for use in RIA by the chloramine-T method (26), using Na'25I from New England Nuclear. DTH Assays. Footpad swelling 24 hr after a secondary challenge with ABA served as a measure of DTH reactivity; swelling was measured as described (2) . All measurements represent at least four mice per group and were read "blind." Hybridoma supernatants were evaluated for suppressor activity by daily intravenous injection of0.2 ml ofculture supernatant from a growing hybridoma culture (cell density of 5-8 x 105 per ml) into ABA-primed mice for 5 days, starting the day of priming and ending the day of challenge.
RESULTS
Production of T Cell Hybrids. Six A/J mice were treated intravenously with 5 x 107 ABA-coupled syngeneic spleen cells and challenged 6 days later with ABA diazonium in each of the footpads. When evaluated on day 7, all six mice were negative for DTH to ABA. These mice were splenectomized and the spleens were processed for use as primary lymphocyte parents in the hybridization. 3524 ) and the supernatants once again were tested by RIA for ABA binding. Lines A4, F3, F12, and Hl1 exhibited the greatest inhibition in this assay and were negative in a similar specific binding inhibition assay using the synthetic polymer poly(GluMAla4Tyrl0) (GAT). The GAT assay has been used to detect GAT-binding T cell hybrid supernatants (unpublished). The degree of inhibition observed by using supernatants from hybrid lines A4, F3, F12, and HlI is shown in Fig.  1 line. The other 128 supernatants tested did not inhibit the RIA below 70% of the control value. This pattern of inhibition is comparable to that described by Pacifico and Capra (20) with a similar assay, although our frequency of positive hybrids is somewhat lower and the extent ofRIA inhibition is slightly less.
Aliquots ofthese ABA-specific T cell hybrid lines were cryopreserved in liquid nitrogen, and lines F3 and F12 have been maintained as continuous 10-ml cultures (Corning no. 25100, Curtin-Matheson Scientific) for use in further studies. Supernatants from these hybrid lines have continued to compete in the ABA-binding RIA throughout 4 months of continuous culture.
FACS Analysis. BW5147, F3, and F12 cells from cultures at the mid-logarithmic phase ofgrowth (5-8 x 105 cells per ml) were examined for cell surface expression of immunoglobulin, Thy 1.2, and Lyt markers by indirect immunofluorescence, using the monoclonal reagents described in Materials and Methods. Fig. 2 In Vivo Activity of the T Cell Hybrid Supernatants. Supernatants from BW5147, A4, F3, F12, and Hil mid-logarithmicphase cultures were tested for suppressor activity in the ABA-DTH suppressor system. A/J mice were immunized for DTH with ABA-coupled syngeneic spleen cells and treated with 200 A.l of the cell-free culture supernatants administered intravenously for 5 days. The mice were then challenged with ABA and footpad swelling was measured 24 hr later as a gauge of DTH. Fig. 3 shows that BW5147 supernates had no effect on the DTH response and neither did the supernatant from F3 or H11 cultures. In contrast, A4 (data not shown) and F12 supernatants administered for 5 immunized and challenged, while the negative control was only challenged. BW5147 parent lymphoma, F3, and H11 supernatants do not suppress the DTH response, whereas F12 supernatant is highly suppressive (P < 0.01). Error bars indicate SEM; NS, not significant. sponse to the background levels elicited by challenge alone.
In successive experiments over 4 months, F3 has remained negative for suppressor activity while F12 has maintained specific suppressor activity for the ABA hapten. To titrate the suppressor activity, culture supernatant was diluted with PJNaCl and injected into mice, 0.2 ml per mouse per day. More than 60% suppression was obtained by 1:50 dilution (Fig. 4) . When the supernatant was diluted to 1:100, the suppression decreased to 40% but was still statistically significant (P < 0.05).
F12 Is a Cloned T Cell Hybrid Line. The clonal nature of the F12 cell line is supported by three lines of evidence. The first is the fact that the initial seeding of the fused cells was at (Fig. 5) . All four subclones inhibited the DTH response to ABA.
DISCUSSION
Detailed investigations of the function of specific T cell subsets and T cell-derived factors will be greatly enhanced by the use of cloned cell lines or hybrid T cell lines. There have been several recent reports of similarly derived T cell hybrids with antigen-binding (17) (18) (19) (20) 27) or in vitro antigen-specific suppressor activity (12) (13) (14) (15) (16) 
